RADIOISOTOPE THERMOPHOTOYOLTAIC (RTPV) POWER SYSTEM FOR 
SPACE APPLICATIONS 


Abstract 

Thermophotovoltaic (RTV) energy conversion, coupled to the radioisotope powered 
General Purpose Heat Source (GPHS) is currently being developed by NASA. The goal 
of the program is to develop a 100 watt electrical power system with an efficiency of 
20%. Spectral control is the key element in obtaining an efficient system. Results 
presented show that excellent spectral control can be achieved so that reaching the goal of 
20% efficiency is possible. Excellent spectral control is achieved by using a combination 
of selective emitters and optical filters and by eliminating radiation leakage from the 
optical cavity. 
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THERMOPHOTOVOLTAIC (TPV) 
POWER CONVERSION TECHNOLOl 
FOR RADIOISOTOPE POWER 


05 


CO 

CL 

Cd 



JO 

05 

O 

CD 


05 


Q) 

u 

-Q 

B MWWd 

g I 

c 

0) 

S I 

CO 

o 

B W-— -n 

CL 

M— 

E 

*4— 

CP 

o 

o 

c 

o 

CD 

CO 

A-> 

CD 

CD 

> 

> 

c 

C 

o 

o 

o 

o 

E 

CD 

CD 

5 

+J 

CO 

o 

X 


CO 

> CL 
CL ^ 

CD 

■M 

CO 

•” ~o 

-M 


CP 


CJ 


Q_ CP 

0 O 
0) 03 
0) -Q 

Q co 

1 


CO 

B — 

CP 

■M 

E 

o 

CD 

■M 

CD 

CO 

O 

o 

+-> 

E 

cd 

C\J 

c~ 


-M 

CO 

0) 

■ ■•**** 

-M 

Q_ 

03 

O 

c~ 

-M 

■M 

o 


CO 

CP 

> 

o 

Z gaisasd 


co 


Cl 

u 


O ±= 
c o 

C CP 
v Q. 
Q co 


CP 

CO 

CD 


CO 

0) 

C 

CD 

03 


2 

13 

• fH 

PL 

1/3 

•i— I 

£ 

<D 

4-> 

03 


I 


Glenn Research Center 


PART I CIPANTS 

Creare, Inc. - PI, Technical Leader, Integration Manager, 


TO 

O 


05 


CO 

0 ~o 
+-> c 

= 05 


0 

■M 

-M 

a Un 

E 

UJ 

CD 

> 

■ I — — IF J 

■M 

O 

_0 

CD 

CO 

"O 

c 

05 

CD 

"O 

CO 

i 


03 

JO 

"0 

o 

CO 

< 

to 

CD 


CD 

o 

c 

05 

> 


0 

o 

c 

05 

E 


0 

Q. 


O) 

CO 

CD 

“D 

> 

CL 


0 
u 

1 

■ 

o 

c 

0 

o 

a 

E 

UJ 


0 

CJ 

1 


co 

CD 


0 co 

rs co 
CD ■“ 

< ±: 

CO — 

-M 
^ CO 

4 0 


o 

c 

E i ■ ; . . ■ 

13 

"O 

O 

0 
M — 

CO 

c 

05 

H 

■M 

03 

0 


05 

■ ■■■ 

~o 

05 

qc 


0 
o 

1 


o 


u 

0 


03 

03 

■M 

03 

_CO 

03 

0 

■M 

TO 


o 


o 

TO 


0 
O 
_Q 

CO 

1 


0 


CO 
0 

_J 'a) 

p 0 

+-> 

0 2 
O) =M 
"O CO 


CD 

o o 

CL O O 

• • u 


u 

TO 


O 

O 


CO 

I 

■ 

a 


co 

0 

03 

o 

o 


u 

jo S 

03 ™ 


TO 


C 3 


Glenn Research Center 



00 


Glenn Research Center 




THERMOPHOTOVOLTAIC (TPV) 
ENERGY CONVERSION CONCEPT 
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MAXIMUM TPV EFFICIENCY 

Spectral control parameter, 
R=Nonconvertible Rad. /Convertible Rad. 



Dimensionless bandgap energy, 
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Design Choices for Maximum Efficiency 

Cavity Geometry 

• Minimize radiation and conduction losses by: 
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OPTICAL CAVITY ENERGY BALANCE FOR IDEAL FILTER 

Emitter emittance, e E = .6 Reflector reflectance, p b = .9 

Filter reflectance, p c = .1 for ^,<1750nm; p c = .9 for 7>1750nm 



Emitter PV Array 
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REFLECTANCES FOR SPECTRAL CONTRO 
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QUANTUM EFFICIENCY of 
,6eV InGaAs Array 
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Model of 1 /2 RTPV Converter 
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THEORETICAL MODEL RESULTS FOR 
DEMONSTRATION EXPERIMENT 

Thermal Input = = 250 W, .6eV InGaAs PV array, 1 andem [filter has no absorptance 
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